The gypsy moth. Lymantria dispar (1..), has received great attention and has been subjected to man) management acnv1 The gypsy moth mfestation may be conceived as moving forward m three zones, the Generally Infested Zone, the Transition Zone, and the Unifested Zone. The Generally Infested Zone ranges from continuous populations. where habitat exists and the populations have been through at least NOI~ Thr-study wav performed In 11)9()-l)] while the author ""a~ 011 the faculty mthe Departrnent ofForestry. VPI&SU underaCooperauve Agreement WIth the USDA-Fole~t Sen u.e Nm theustern I'ore,t (VIruS) . maung disruption phermones, stenle male mating, and mass trapping techniques, which are all gypsy moth specrfrc, are available for environmentally sensitive areas.
Slow-The-Spread Will not affect the moth in the Generally Infested Zone nor will it elumnate its spread.
The fundamental benefit 01 Slow-The-Spread is to slow the rate at which land enters the Generally Infested Zone Sn. rates of spread were chosen ranging from 2 5 to 15.0 rrules/yr in 2.5 null' increments These hounded the likely spread rates hoth WIthout and WIthSlow-The-Spread Spread was SImulated for each of the Slx rates The internal borders of the Generally lnfested Zone counties were dissolved each year to create a single polygon which was then buffered by the rate ofspread to ereate lmes ofequal distance representmg the Generally Infested Zone's frontal movement. County hound aries were reimposed each year, and the proportion of a county's area entering the Generally Infested Zone m that year was calculated creaung a matrix' 
Economic Model
An economic Impact has been defined as " ... any Impact occurnng to a socially useful forest product, any change rn socially useful Items needed to produce the product. or any change ill the distnbution among society of either the product (or the income denved from III or its production cost" (Leuschner and Berek 1985) . These econonuc impacts are considered damages when the) arc negative, Major potential econormc Impacts from the gyp~y moth In the rural and urban 66 SJAP20(2) 1996 forests were idennfied as occurring in-(I) gypsy moth management acuvrnes:(2) umber production, (3) high den Sit) recreation, (4) residential mfestanons, (5) sccmc heauty/ esthetics, (<1) water quality: and (7) wildlife.
Distnbutional Impacts were beyond the scope of this study. Impacts on the production and cost of categories 5, 6, and 7 above were also not estimated because data were not available to do so. In general, the rernammg Impacts were estimated by esurnatmg the area of each county which en tered the Generally Infested Zone In each year and multiply mg It b) that Impact's value per urnt of area and also the probabiluy of being Infested
Once in the Generall y Tnfested Zone. an acre has a nonzero probability of bemg Infested every year thereafter These subsequent infestations were modeled b) rnakmg the simpli fying assumpnon that, on average. a stand \\ ou ld be just as <useptible In the years following its entrance as the year of entrance and then merely accumulating the Impacts. The difference between the present value of the accumulated impacts without and With the Slow-The-Spread program. summed over 25 yr, IS the potential program benefit.
Management Activities
Pest Timber impacts theoretically Include decreases in quality or log grade and changes In species composition These changes would be reflected In a changed stumpage pnce if they occurred. Impacts could also occur If an mfestanon reduces the regenerated stand's value, perhaps due to species composition changes. Information was not available to esti mate log grade/species composinon/ regenerated stand Im pacts.
Timber benefits accrue with Slow-The-Spread because individual stands are attacked later in their life or, In some cases, are harvested before attack and replaced by stands too young to be susceptible. The younger a stand when attacked, the greater the yield lost. Thus.the longer attack IS postponed, the greater the timber yield and hence total revenue. Ho wever, the economic cntenon 11> the present value of a stand. In general, the present value IS greater the older the stand because revenues are received sooner and hence worth more The present value of the yield lost to attack from a younger stand is "worth" less in present value because It is discounted more years, even though the volume lost is greater than III an older stand This phenom enon IS seen ITl Table I The acres In each county were summed for each of the above cover types. Only poletImber and sawtimber size classes were included This formed a vanable, acres of susceptible type fAST) for county I and cover type k. How ever, not all acres of susceptible host types are infested many one year. even though an area is generally infested. Thus. a probability of timber becormng infested (PTl) 111 anyone year was estimated as 0.097 based on a report by Ketron, Inc. (1978) . The Ketron estimate was based on the acres defoh ated, as reported in various USDA evironmcntal statements, and the acres of susceptible host type m New England. New York, New Jersey, and Pennsylvania.
Commercial forestland which is not harvested has zero value for timber and thus would incur no limber Impact There are several reasons why land may not be harvested, such as pnvate landowners With nontimber objectives or public lands reserved from timber management. Therefore, the proportion ofland available for cut (PAC) should also be estimated, This was done by assuming the PACs by owner ship were: National Forest =0.25; Other Public =0.00: forest Industry = I 00, Farmer =-075, Corporate = 1.00: and Other Individual = 0.50. These proportions were weighted by acres in the above ownership categones m the southeast region (USDA Forest Service 1988) In Pine-Hardwood, Upland Hardwood. and Bottomland Hardwood types to obtam PAC = 0 6585
Estimating Damages per Acre -Timber impacts can occur If ( 1) yield IS changed, (2) the rotation IS changed, (3) wood quality or species composition, as reflected in a differ ent stumpage pnce, IS changed, (4) some combination of 1 3 occurs. or (5) the regenerated stand IS changed by one or a combmation of 1-3. Literature on moth damage (Campbell and Sloan 1977 . Gansner and Herrick 1984 and 1987 , Gansner et a1. 1983 leads to the lollowmg conclusions:
1. There are insufficient data to directly estimate changes m yield at rotatron.
2. Stand volume and basal area generally recovers to preattack levels m about 10 yr.
3 Species composition shifts out of oak are relatively small (50/c of BA). Shifts between oak species are not docu mented
We conclude from this that the major Impact of an average infestation is about 10 yr growth loss Growth loss for 10 yr can be reflected In at least one of two ways in even-aged management: (l) the rotation may be extended 10 yr to regain the lost growth or (2) the stand may be harvested at ItS regular rotation with decreased growth. Other combinations are possible 20  15 32  10 18  3387  2293  643  25  1729  11 61  3970  2702  782  30  1946  13 17  4600  31 44  936  35  21 93  1494  5304  3638  11 09  40  2478  1697  61 04  41 99  13 06  45  28 10  1933  7027  4844  1533  50  31 97  2207  4048  2796  17 96  55  3652  2528  2335  16 16  21 03  60  2091  14 52  001  001  2461  65  12 02  836  2881  70   o 01   001  1686  75  988  80  001 ._---
SImulations of these two alternatives show that extending the rotation consistently results In greater losses of net present value as compared to malntaming the regular rotation and accepting 10 years growth loss. The ranonal forest manager who IS managing for timber would choose the alternative resulting in the smallest loss, Therefore, the second alternative. unauacked Yields for stands WIthout attack are estimated using the above functions and rotation ages. YIeld at rotation for a one time attack was reduced by 10 * PAl If a stand IS attacked more than 10 yr before ItS rotation age, YIeld at rotation is reduced 5 x PAl If a stand IS attacked WIth III I0 yr of rotanon PAllS calculated a~ the difference between yield at rotation and age of attack divided by the number of years between rotation and age of attack Stumpage pnces were the 1990 average prices taken from TImberMart-South (Norrisvanous)andconvertedtodollarsper curut, Pnces arc weighted25%/75%for saw-timber/pulpwood Oak-Pine was weighted 50%/50% for hardwood/softwood withmthese products Species groups were matched as closely as data permitted. Prices used were Oak-Pine == $26.S4.Oak HIckory == $17.25; Yellow-pop1ar-Oak == $18.64: Oak-Gum Cypress== $17.25; and Maple-BIrch-Beech = $15 I.~ TImber damages are the difference between the present value of the stand without attack and the present value of the stand WIth attack Under the assumptions In this model. they are the present value of the decreased yield valued at the stumpage pnce and discounted the number of years between the age at attack and the rotation age (Table 1) .
Timber Impact Summary.-Tunber Impact esurnates may be summarized m terms of the basic model of acres attacked multrplied hy damages per acre: (Table 1) and all other variables are as previously defined and it is understood that DA IS for the stand age at time of attack.
High Density Recreation Impacts
High density recreation Impacts occur because the moth defoliates a recreation area and makes the area less desirable (causes a nuisance through droppings. hairs, larvae. etc.), Persons either stop VIsiting the recreation area, postpone Visits. substitute VISItS to other areas, or use the same area WIth less enjoyment dunng the mfestation In additron, man agement costs for suppression before and dunng the infesta tion and cleanup. removal, and replacement costs during and after the mfestation may increase Only Impactsfrom stopped and substituted VISItS are estimated.
The basic model of estimanng the number of visitor days Impacted and the value per VISItor day IS followed. However, the estimates for days stopped and substituted and their values are made separately.
Estimating VisitorDays.-The recreation areasIII a county (RA) were estimated from the Nanonal Outdoor Recreation SupplyInformation System(NORSIS)by sumrrnng thenumber of campgroundsand picmc areasIII all ownershipcategories in eachcounty.The meanvisitordaysperarea(VD) wereestimated fromUSDA SouthernRegionRecreationInformation Manage ment high density recreation attendancedata However, gyp~y moth Impacts occur only 111 the spnng and summer, thus the proportion of VISitS in season(PSE) 'N as alsoestimated.Finally, not all recreation areas will he attacked,Just as not all timber stands WIll be attacked,hence PTl denved above was also used as a multiplier ThIS model may be summarizedas: (1984) estimates of participant will mgness-to-pay for a visitor day of camping and picnicmg in the Southern Region. These estimates are inflated to 1990 price lev els at a rate which approximates the Infla tion rates In the Gross Domestic Product Implicit Price Deflator and the Consumer Price Index-All Items during the same time penod. This IS the damage per visrtor day of stopped recreation The damage from substituting another recreation site for the attacked site is the proportion of value loss on substnuted recreation sites found by Leuschner and Young (1977) 'M ere, ,'' •. ,   ..............._ ........_----------~-----_._-------- the Generally Infested Zone with any of the SIX rates of spread Recall the simplifying assumption was made that, on average, an acre would be Just as suseptible In the years following It1> entrance as the year of entrance. This allows accumulating damages for anyone rate of spread from the base year, 1990, forward to the 25 yr of the analysis before taking their present value.
Fur example, HD t IS the residential household damage III year t for rate of s6read j Then, the present value of the cumulative residential household damage, CHD. IS: and all other vanables are as previously defined. The dis count rate is the one used by the USDA Forest Service (Row et al. 1981) The difference between the present value of the cumulative damages for the rates of spread without and With Slow-The-Spread IS the potennal benefit of the program for that Impact What, then, are possible rates of spread Without and With the program') Liebhold el al. (1992) have estimated that the gypsy moth's average rate of spread for In "warm counties" was 12.88 miles/yr. Other experts quoted estimates of around 9.0 miles/yr. Based on these mdicator.... we as SIgnedthe 100, 12.5, and 15.0 miles/yr rates of spread as the "WIthout" Slow-The-Spread rates The rernammg rates of spread were considered "With" Slow-The-Spread rates.
Results
The gypsy moth Generally Infested Zone expansion may range from a front running from OhIOthrough West Vrrgnua and Virgima into northeast North Carolina (Figure 1 ) over a 25 yr penod If a 2.5 rrnlc/yr rate of spread IS experienced to a front runmng from Illinois through Indiana, Kentucky, and Tennessee Into north Georgia (FIgure 2) If a 15.0 mile/yr rate of spread IS experienced.
The estimated impacts In each category and rate of spead are surnmanzed In Table 2 These are the estimated damages If STS IS not Implemented or if it IS Implemented and is completely unsuccessful If STS IS completely unsuccessful, the total ncgauve Impact of gypsy moth would be the dam ages for whatever rate of spread was actually experienced (Table 2 ) plus the cost of the unsuccessful program.
Potential program benefits (Table 3) are Simply the differ ence between the Impacts (Table 2) for these rates of spread, For example, the potential benefit IS $774.8 million. present value, for the J() () miles per year -7 5 miles per year rate of spread combination ($3,005 1 -$2,230.3) . Benefits gener ated by mdrvidual Impact categories can be calculated Simi larly.
Potential program benefits range from $774.8 to $3,80 I 5 rmlhon, present value, and are somewhat uniformly distrib uted over the pam For ease of dISCUSSion, we designate the (10.0 miles per year-7.5 miles per year), (125 miles per year -5.0 miles per year), and «(5.n miles per year-25 miles per year) pairs as the Least, Medium. and Greatest benefit see nanos, respectively. These are the two extreme and the median values The reader may choose any combination desired
Discussion
The present values of the potential S low-The-Spread benefits are dominated by the residential impacts although the remaimng benefit level m the other impacts is still quite large. ranging trom about $130 to $660 rmlhon (Table 4) .
Two traditional forest outputs. timber and recreation, ac count for approximately 13% of the potential benefits About 83% of the potential benefits are caused by residential Im pacts. which arc essentially aesthetic Impacts and are hkely to be generated outside of commercial forest acreage.
Some readers may be uncomfortable that contmguent valuation and willmgness to pay values have been used to esumate residential and recreation benefits. Recreation valu anon has been so frequently replicated In the last decade or so that we are comfortable Withthe general level of the value per visitor day This rephcauon IS not present for the willingness to pay for gyp~y moth control MIller and Lindsay (l993) recently found a wilhngness to pay ranging from $27 to $83 per household Jukus and Smith ( 1991) III an unpublished diSCUS sion paper found a range of S238 to $394 per household to protect only the mdividual's residence site and a range of $295 to $494 per household to protect "... private neighbor hoods, and the parks and rural areas. "The Jukus and Smith estimates vaned by whether a linear or nonlinear model was used and by the spccifrc variables included m the model This Wide vanation IS disconcerting, and the willmgness to pay evidence IS not yet, m our opiruon, conclusive. We therefore chose the more conservative estimate which falls within the range of Miller and Lindsay ,s (993) published estimates.
Another cuncern IS that the households were considered willmg to pay each and every year to prevent damage In that year. This is consistent Withother calculations m the model. However, we felt that the contingent market descnptions III all the studies did not unequivocally establish whether the respondents were willmg to make a payment each year (our mtcrpretation) or a single payment that would prevent Infes tations tor years or decade!'> Tlns ambiguity is important because residential benefrts are so large. When a Single residential payment is estimated, the potential benefits estimates change to $2.834, $1,756, and $580 milhon for the Greatest, Medium, and Least Benefit scenarios and the proportions shift to about 77% residential and 17% timber and recreation combined The study contains some imprecisrons. One I~ that the projected mfested acreage does not imtrally increase con stantly as would be expected along a growing front This i~ caused by adhering to whole counties m the irutial GIS polygon. The county lme configuration caused indented places on the polygon (e g.. a right angle) which when buffered equal distances caused an acerage decrease This imprecision decreases as the rate of spread and year of the projection increases, A second imprecision IS that growth of exrsting premerchantable stands 1I1to the susceptible poletunber size class was not included. A rerun ofVirginiadata mdicated that state's timber Impact would have been 18% higher had ingrowth been included. ThIS rmprecision seems of a lesser consequence in light of the relatively small place of timber impacts m the overall result Third, the study aggregates estimates over Wide geo graphic areas and many different vanables. The possibility of aggregation error exists, but It~ mvcstigauon was beyond the scope ofthc study However, Rastetter et al. (1992) state "Not all aggregations produce errors No error WIllresult from the aggregation of components WIthonly hncar properties." We note that most of our estimates are lmcar
The benefit estimates can be used to calculate a cost guidehne to indicate how much could be spent on Slow-The- rilliilliil/iW~---"""""'-------"""~-=----~~~------'-~----------' ,~_~AMA'__ """"_""'" Spread and still have the program benefits equal ItS costs. We used the Equivalent Annual Income. Equivalent Annual Income Ii. the constant amount of annual income or expendi ture which IS the equivalent of the stated present value. It IS the amount which, If'pent each year for the 25 )-r. would have a present value exactly equal to the potential Slow-The Spread benefits at the 4% discount rate
The Equivalent Annual Incomes are 
Conclusions
Wc believe the general regional Impact of Slow-The Spread IS mdicated hy this analysis and that a program vlowmg the rate of spread of the gypsy moth could be economically feasible. The study also indicates that pro grams seeking only to slowthe spread of pests, as opposed to eradicating the pest. arc worthy of consideration and analysis by pest control pracnuoners In addition, we believe the study demonstrates GIS techniques which may he useful to practi troners who are developing epidemiological spread models and economic models which could he useful In assesxmg the Impact of that spread.
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